Multimorbidity is common in primary care populations. Within cardiovascular disease, important differences in disease prevalence and risk factor management by ethnicity are recognised.
INTRODUCTION
Multimorbidity, defined as the simultaneous presence of multiple health conditions, is common in primary care populations, especially for patients over the age of 65 years. 1, 2 The terms comorbidity and multimorbidity are distinctly defined. Although studies into comorbidity focus on a single index disease of interest and its related conditions, studies into multimorbidity focus on a number of conditions of equal interest without any reference to an index condition. 3 The decision to investigate multimorbidity or comorbidity is defined in relation to the research question; studies of multimorbidity are more suited for primary care settings where the focus on a single index condition is less practically relevant. 4, 5 With the majority of cardiovascular disease managed in primary care, the burden of cardiovascular multimorbidity is of particular concern to GPs. 4 Concurrency of multiple cardiovascular conditions has been established as an independent predictor of prognosis in those with established cardiovascular disease. 6, 7 An evidence-based approach to managing patients with multiple chronic conditions is lacking. In 2005, Fortin et al concluded that:
'... to date, the number and diversity of articles on comorbidity are both insufficient to provide scientific background for strong evidence-based care of patients affected by multiple concurrent chronic conditions, and ... the deficit in research is particularly marked within the primary care setting. 8 This deficit in information stems from two primary sources: the exclusion or under-reporting in clinical trials of patients who are multimorbid, and the predominance of single-disease-focused clinical management guidelines. 9, 10 Ethnicity Ethnic disparities in the use of health care services are a persistent finding in the UK, in spite of a lack of financial barriers to accessing health care, universal health coverage, and numerous initiatives to reduce disparities. 11 People of South Asian descent (Indian, Pakistani, or Bangladeshi origin) who migrate to western countries have some of the highest rates of coronary heart disease (CHD). 12, 13 In the UK, CHD mortality is up to 40% higher in South Asians but lower in black African and Caribbean groups when compared with groups of white ethnicity. Within each ethnic group, conventional risk factors, such as smoking, hypertension, and total cholesterol, are significant predictors of absolute CHD risk. However, among South Asians, conventional risk factors do not account for the greater prevalence of CHD as compared with Europeans -that is, they do not fully account for between-ethnicgroup differences in CHD risk. 13 The prevalence of hypertension is considerably higher among black African and Caribbean individuals than among
Aim
To examine the population burden of cardiovascular multimorbidity and the management of modifiable risk factors by ethnicity.
Design and setting
Cross-sectional study of general practices (148/151) in the east London primary care trusts of Tower Hamlets, City and Hackney, and Newham, with a total population size of 843 720.
Method
Using MIQUEST, patient data were extracted from five cardiovascular registers. Logistic regression analysis was used to examine the risk of being multimorbid by ethnic group, and the control of risk factors by ethnicity and burden of cardiovascular multimorbidity.
Results
The crude prevalence of cardiovascular multimorbidity among patients with at least one cardiovascular condition was 34%. People of non-white ethnicity are more likely to be multimorbid than groups of white ethnicity, with adjusted odds ratios of 2.04 (95% confidence interval [CI] = 1.94 to 2.15) for South Asians and 1.23 (95% CI = 1.18 to 1.29) for groups of black ethnicity. Achievement of targets for blood pressure, cholesterol, and glycated haemoglobin (HbA1c) was higher for patients who were multimorbid than unimorbid. For cholesterol and blood pressure, South Asian patients achieved better control than those of white and black ethnicity. For HbA1c levels, patients of white ethnicity had an advantage over other groups as the morbidity burden increased.
Conclusion
The burden of multiple disease varies by ethnicity. Risk factor management improves with increasing levels of cardiovascular multimorbidity, but clinically important differences by ethnicity remain and contribute to health inequalities. people of white ethnicity, 15, 16 and the hypertension-associated risk of cardiovascular disease may be accentuated in South Asian groups. 17 High-quality management of hypertension is especially important in people of black and South Asian ethnicity, as they are more likely than their white counterparts to have coexisting cardiovascular comorbidities, such as diabetes or chronic kidney disease. [18] [19] [20] Exactly how the management of risk factors is affected by cardiovascular multimorbidity in different ethnic groups remains to be explored. Although previous studies have focused on comorbidity surrounding a single disease, such as hypertension or diabetes, 21, 22 no study to date has investigated the overall burden of multiple cardiovascular conditions in a large multi-ethnic population setting.
Study aims
Van den Akker et al reserve the term 'multimorbidity' to describe the cooccurrence of two or more chronic conditions. 23 This definition was adopted in the present study to examine the population burden of cardiovascular multimorbidity in east London. The study had two aims:
• to establish the distribution of cardiovascular multimorbidity between ethnic groups; and
• to explore how the management of key physician-modifiable risk factors varies by both ethnicity and level of morbidity.
Specifically, the concurrent presence of CHD, diabetes, heart failure, stroke, and hypertension were investigated. The key risk factors of interest are blood pressure control, total cholesterol control (including statin prescribing), and glycated haemoglobin (HbA1c) control for patients with diabetes.
METHOD

Study sample
Since 1997, the Clinical Effectiveness Group at Queen Mary University of London has supported an annual audit of chronic disease management from 148/151 practices in the three inner east London primary care trusts (PCTs). Routine clinical data entered on practice computers using standard data-entry templates are collected annually using standard MIQUEST software. 24 The data presented here were collected during the 15-month period to 31 March 2009. Practice data cover more than 98% of the GP-registered population in the three PCTs. Practices are supported by the Clinical Effectiveness Group to improve identification of chronic disease, use standard data-entry templates at clinical review, and manage conditions based on national guidelines.
The study sample included all adult patients (≥18 years) with diagnostic Read Codes for hypertension, ischaemic heart disease, heart failure, stroke, and diabetes (Appendix 1).
Ethnicity was self-reported by patients during visits to their practices and recorded on the practice computer system using the 16 + 1 ethnicity codes defined in the 2001 census. 25 For this study, the ethnic groups were collapsed into four categories:
• white (British, Irish, other white);
• South Asian (Bangladeshi, Indian, Pakistani, other Asian, mixed Asian);
• black (African, Caribbean, black British, mixed black); and
• other (any other recorded ethnic group).
Patients whose ethnicity could not be classified from the recorded entry due to non-response or coding error were excluded from the analysis. Patients who identified themselves as mixed origin were grouped with their parent ethnic minority as this was felt to be more biologically relevant than creating a distinct mixed-
How this fits in
Multimorbidity is common in primary care populations. This study illustrates the epidemiology of cardiovascular multimorbidity, showing the high prevalence in South Asians and groups of black ethnicity compared with white populations. Blood pressure and cholesterol are best controlled in the South Asian population. In contrast to other studies, this research shows that overall cardiovascular risk factor management improves with increasing levels of multimorbidity. ethnicity category. Since 2004, a local enhanced service has provided training, data templates, and financial support to promote the recording of ethnicity and language in practices both at registration and during routine consultations.
Multimorbidity and risk factor analysis
The level of multimorbidity was determined by the number of registers on which each patient appeared; if on just one register, they were coded as unimorbid. Patients could have up to five cardiovascular multimorbidities. For the purposes of analysis, patients were collapsed into groups of one morbidity, two morbidities, or three to five morbidities.
The most recent recordings of systolic and diastolic blood pressure, total cholesterol, and HbA1c level during the study period were used for analysis. Clinical targets were based on the National Institute for Health and Clinical Excellence (NICE) guidelines. The targets for each of the risk factors were as follows: a blood pressure of ≤140/90 mmHg, a total cholesterol level of ≤5 mmol/l, and HbA1c ≤7.5%. Each target was coded as a dichotomous categorical variable, with 0 indicating the patient had not reached the target and 1 indicating the target was met. Statin prescribing was coded as 1 if the Read Code was present and 0 if the Read Code was absent.
Statistical analyses
Stata (version 10) was used for both the adjusted and unadjusted univariable and multivariable analyses. First, the crude burden of multimorbidity was examined within the entire study sample and within each ethnic group. Next, the proportion of patients meeting clinical targets by both level of multimorbidity and ethnic group was investigated. For the multivariable analysis, logistic regression was used to examine the odds of being multimorbid by ethnic group, and the likelihood of reaching clinical targets by ethnic group and multimorbidity. All logistic regression analyses were adjusted for age and sex, and clustered by practice to account for intrapractice correlation and shared patient characteristics, such as socioeconomic status. People of white ethnicity were considered as the baseline group for all of the logistic regression analyses.
RESULTS
Population burden of cardiovascular multimorbidity
From a total east London GP-registered population of 843 724 people, a final sample was defined of 99 648 adults Figure 1 illustrates the relative size and overlap of these five cardiovascular registers in east London. Table 1 illustrates the prevalence of cardiovascular multimorbidity in each ethnic group. Although the majority of patients had a single cardiovascular disease, 34% of patients with at least one cardiovascular diagnosis had more than one.
Using logistic regression, adjusted for age and sex, and clustered by practice, the likelihood of being multimorbid by ethnicity was then examined (Table 2 ). It was found that patients of non-white ethnicity were more likely to be multimorbid than those who were white; in particular, South Asian patients were twice as likely to have multiple cardiovascular conditions.
Management of key risk factors
The management of blood pressure, total cholesterol, and HbA1c within the study sample was examined. As shown in Figure  2 , the proportion of patients reaching defined clinical targets was higher in those patients with multimorbidity than those who were unimorbid across all risk factors. The proportion of patients with blood pressure ≤140/90 mmHg rose from 70% to 72%; for HbA1C ≤7.5%, the proportion rose from 50% to 58%. For total cholesterol ≤5 mmol/l, the proportion rose from 61% to 84%. For the more stringent total cholesterol target of ≤4 mmol, the proportion more than doubled from 25% to 53%. The proportion of patients being prescribed a statin rose from 50% in patients who were unimorbid to 91% in those who were multimorbid.
The multivariable analysis used logistic regression to investigate the likelihood of reaching each clinical target by ethnic group for patients with one condition, two conditions, or three or more conditions. Results are shown in Table 3 . For blood pressure, South Asian patients with one or two cardiovascular morbidities were significantly more likely to reach the blood pressure target than patients of white or black ethnicity. No difference was apparent for patients with three or more cardiovascular morbidities. In contrast, patients of black ethnicity were found to be significantly less likely to meet the blood pressure target than patients of white ethnicity at all levels of multimorbidity.
For total serum cholesterol, South Asian patients were consistently more likely to reach the target of ≤4 mmol/l than patients of white ethnicity at all levels of morbidity. No difference was found between those of white and black ethnicity, except among those with three to five conditions, where those of black ethnicity were less likely to meet the cholesterol target.
Patterns in statin prescribing mirrored those for control of total cholesterol. South Asian patients were significantly more likely to be prescribed a statin than those of white ethnicity at every level of morbidity. Although no significant differences were found between patients of black and white ethnicity for cholesterol control, those of black ethnicity were significantly less likely to be prescribed a statin at all levels of morbidity.
For HbA1c control, no differences were found between ethnic groups for unimorbid patients. Among those with two morbidities, both South Asians and patients of black ethnicity were found to have higher levels of HbA1c than white patients. This disparity was increased for patients with three to five morbidities.
DISCUSSION
Summary
The study was set in the three inner east London PCTs of Newham, Tower Hamlets, and City and Hackney, with a combined GPregistered population of 843 724 in mid-2009. In the 2001 UK census, 51.3% of the population in these three PCTs were of nonwhite ethnic origin compared with 7.9% for the UK. 26 In Hackney, 25.4% were described as black African or black Caribbean, in Newham 21.0% were Indian or Adjusted by age and sex, and clustered by general practice. Bangladeshi, and in Tower Hamlets 33.3% were Bangladeshi. The populations of these PCTs are among the eight most socially deprived localities in Britain.
27
In contrast to other studies that emphasise the relationship between index conditions and secondary morbidities, this study examined the burden of cardiovascular morbidity within a socially deprived and multiethnic population in east London. It shows that the burden of multiple diseases varies by ethnicity, with South Asian groups having the highest rates, and groups of black ethnicity also being significantly more multimorbid than their white counterparts. Overall risk factor management improves with increasing multimorbidity, but clinically important differences by ethnicity remain and can contribute to health inequalities.
Strengths and limitations
This study accessed a database covering a large multi-ethnic population from 98% of practices in the three PCTs of inner east London with uniformly high rates of selfreported ethnicity. 20 Related work on this project has shown that when self-reported ethnicity recording is sufficiently high, it should be used in preference to censusattribution methods. Such methods tend to underestimate young people and minority ethnic groups -particularly in inner-city areas -and are subject to the ecological fallacy (the assumption that practice populations are ethnically similar to the census super output areas). 28, 29 As selfreported ethnicity was recorded for over 95% of the study sample, it is possible to be confident that the relationships between ethnicity and multimorbidity are not prone to the biases of census-attribution methods.
This study has investigated cardiovascular multimorbidity among all adults; hence the analysis is not confined to older populations where multimorbidity has been established as the norm. The analysis shows that, even after adjusting for age and sex, significant differences in the burden and management of cardiovascular multimorbidity by ethnic group remain.
A limitation of the study is the treatment of each of the cardiovascular diseases as equal in impact, and independent of each other. The lack of a unified approach that captures not only disease prevalence, but also disease severity and shared clinical characteristics, has been established as a recurring issue throughout multimorbidity research. 2, 30, 31 The use of South Asian and black categories may have masked intra-ethnic differences, for example between Indian, Pakistani, and Bangladeshi subgroups, which are recognised as being culturally and epidemiologically distinct. 32 Although this study was not able to take into account patient-level indices of social deprivation, which can confound the relationship between ethnicity and disease management, the three east London PCTs in this study are all represented in the top eight localities of greatest deprivation in England.
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Comparison with existing literature Previous studies on the burden and management of multiple chronic diseases have shown that increasing multimorbidity is associated with increased risk of mortality and further morbidity, polypharmacy, and adverse outcomes. 1, 6, 32 In a study investigating the effect of chronic kidney disease and diabetes on hospitalisation and mortality in patients with heart failure, Ritchie et al found that the presence of diabetes in addition to heart failure and chronic kidney disease significantly increased mortality and hospitalisation, and that increasing morbidity was associated with poorer outcomes. 33 This study recruited young, predominately white, and male participants and had no data on ethnicity.
Millet et al examined ethnic disparities in the management of hypertension among individuals with and without cardiovascular comorbidities, and found that the presence of two or more comorbidities was associated with significantly improved blood pressure control in patients who were white patients, but not those of black or South Asian ethnicity. The prevalence of cardiovascular comorbidities was higher among South Asian patients with hypertension than among their white or black counterparts. However, in the Wandsworth cohort there was a small South Asian population (5.6%); this is in contrast to the population in the present study, which included a greater percentage of 27% South Asian patients (27%) and those of black ethnicity (23%).
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Randomised controlled trials have been established as the gold standard of clinical study design and are increasingly used to judge quality of care or calculate pay-forperformance targets. 1, 34 However, to maximise internal validity, these trials often exclude, or do not report, patients with multimorbidity; hence, guidelines based on these randomised controlled trials may not be suitable for the actual patient population in which multiple concurrent conditions are prevalent. 1, 9, 10, 35 For example, Fortin et al found that over 90% of patients that were eligible for clinical trials for hypertension had comorbidities. 9 The present study, describing the population burden of multiple cardiovascular diseases, strengthens the case for inclusion of patients with multimorbidity in clinical trials, and highlights the need for disease guidelines recognising the prevalence of multiple diseases.
NICE guidelines do not currently take account of comorbidity. 36 The present findings show that even in the absence of multimorbid guidelines, patients with cardiovascular multimorbidity have better control of key risk factors, though ethnic disparities persist and require innovative strategies to reduce their impact.
Implications for practice and research
This study shows that the burden of cardiovascular multimorbidity falls disproportionately on patients from minority ethnic groups, and on South Asians in particular. It has also found that the proportion of patients meeting recommended clinical targets typically increases with higher levels of cardiovascular multimorbidity. It is encouraging to find that, despite their increased burden of cardiovascular morbidity, risk factor management for South Asians is generally better, in comparison with other groups, even at higher levels of multimorbidity.
Studies such as this are only possible where there are high rates of ethnicity recording in the general practice record. In areas with large populations from black and minority ethnic groups, commissioning organisations should be encouraged to support practice-level ethnicity and language recording in order to develop accurate estimates of disease prevalence and local population needs. This will allow accurate service evaluation, and support provider initiatives in response to local findings.
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